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1. Introduction 


We studied earthworm populations on two types of material associated with coal min- 
ing, — abandoned colliery spoil heaps and reclaimed opencast mining sites (Table 1). From 
numerous heaps abandoned at various times since 1900, we chose ten that had been graded 
but left to revegetate naturally (Sreap 1978). Since the decline in shaft mining in County 
Durham, opencast mining has increased so that now, in Durham and Northumberland, 
approximately 5,000 ha are affected at any one time. In Great Britain storing and replacing 
top soil is the commonest method of restoration, while strip mining (cut and fill mining) is 
used at a few large sites. Following preliminary studies on reclaimed opencast sites (DuN- 
NING 1979), we tried to relate earthworm numbers and biomass to soil pH and moisture 
status, and to time since site restoration. Earthworm populations of mined sites were com- 
pared by correspondence analysis, with those in permanent pasture at Cockle Park, Northum- 
berland, described by Arxor» et al. (1976). Finally, we used multiple regression to relate 
earthworm numbers and biomass at all colliery sites to environmental factors. 


Table 1. Characteristies of the sites 


Site Code Age Treatment Vegetation Soil pH 
Cockle Park 1—5 80 FYM Gras/herb Loam 4.71—5.5 
6 80 nil Grass/herb Loam 4.2 
8.10 80 Inorganic Grass/herb Loam 4.6—5.2 
&12 fertilizer 
Biggin South 15 — Heaped soil Grass/herb Loam 5.0 
16 1 Replaced soil nil Loam 5.5 
17 2 Replaced soil, Grass/herb Loam 5.8 
seeded 
18 1 Replaced soil, Grass/herd Loam 5.6 
seeded 
19 — Ploughed and Grass/herd Loam 5.5 
seeded 
Watergate 2 14 nil Grass/herb Rubble/Shale 
Shincliffe 58 nil Grass/herb Rubble 
Watergate 2 14 nil Birch scrub Shale 
Watergate 2 25 14 nil Birch heath Shale 
Shineliffe 26 58 nil Birch serub Ash/Shale 
Lady Anne 27 78 nil Shale 
Watergate 2 28 14 nil Shale 
Waldridge 29 15 nil Gorse scrub Shale 
Waldridge 30 nil Birch/Heather Shale 4. 
Shincliffe 31 nil Heather Ash/Shale 3.6 


1) Contribution to the Darwin Centenary Symposium on Earthworm Ecology, Grange-over- 
Sands (1981). 


57 


Table 2. Mean number and biomass of earthworms at all sites 


Site Code No. m~? Wt.gm? A.ca. A. ch. 4t: 
Cockle Park 240—730 —155.1 10—70 20—80 110—420 
190 70 — 80 
240—500 98.9 0—110 0—90 70—290 
Opencast — 11 _ 
= 10 = 
a 12 Bi 
— 10 es 
Spoil 10 £ 1 
2 —_ pann 
2 = = 
z - = 
5 5 = 


Species abbreviations are A. caliginosa (A. ca.), A. chlorotica (A. ch.), A. rosea (A. r.), A. longa 


(0. e.). 


Relatively few studies of the earthworms in colliery sites are available for comparison. 
Duncer (1969) and Neumann (1973) studied invertebrates in sites in Germany and Hamit- 
TON & Vimmerstept (1980) demonstrated that L. terrestris (L.) introduced into restored 
opencast sites planted with trees thrived and establised significant populations within 15 
years. 


2. Methods and results 
2.1. The opencast sites 


Of five sites studied at Biggin South in County Durham, one was heaped topsoil removed from 
the surface of rough pasture and stored for three years, three were neighbouring plots which had 
been restored for one year, two years and eleven years, while the fifth site had been reseeded three 
years previously but otherwise not disturbed. 

Worms were sampled in July by the application of dilute formalin to 10 randomly chosen 0.5 m? 

plots. 
i Number and biomass of worms at the three restored sites increased from nil in the one year 
old site to 53 m-* in the 11 year old site. There were more adults and large juveniles at the older site 
and the total biomass was proportionately higher. The population density in the reseeded undisturb- 
ed site was below that in the 11 year old site, but species composition in the two was similar, each 
having five species and containing a high proportion of Allolobophora longa Une. The two year old 
site had only two species with A. ‘chlorolica (Savieny) predominating. 

The heaped top soil contained large numbers of Lumbricus rubellus Horrmeister and moderate 
numbers of A. longa, A. chlorotica and L. castaneus (Savtexy). Total numbers and biomass of worms 
in heaped soil, although not high for grasslands was the highest found in this series of sites. 


2.2. Naturally revegetating spoil 
2.2.0. General 


Ten sites in County Durham were selected, all with established vegetation with 90—100 % 
ground cover. Spoil pH was 3.6—6.5 and different types of vegetation had developed. Earthworms 
were sampled with dilute formalin but at some sites it was necessary to search the surface mat by 
hand also. Numbers ranged from nil to 188 m~? (0—48 g). 

Eight species were found but while L. rubellus and L. castaneus occurred at all sites, L. terrestris L. 
was found in appreciable numbers only at sites over 50 years old (Table 2). 

Environmental variables measured at each of the sites were age of site, pH, soil moisture and 
shade. 
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(A. 1.), L. castaneus (L. ¢.), L. festivus (L. f.), L. rubellus (L.r.), L. terrestris (L. t.), O. cyaneum 


Table 3. L. terrestris m~? in revegetated spoil heaps 


Code Site Total No. of Biomass L. terrestris 
Lumbricids (g) No. % 
old grass/herb 26 28.3 11 39 
young birch serub 169 47.0 t =i 
old deciduous wood 7 48.0 22 28 
old grass herb 28 37.9 12 43 


2.2.1. Age of site 

The relationship between age of site and earthworm numbers was not close, some of 
the older sites (58 years) having very low populations. Nevertheless the majority of the older 
sites, with low population densities had a relatively high biomass reflecting the higher num- 
bers of L. terrestris (Table 3). The highest total number of worms was found at a site only 
14 years old. 

2.2.2. pH 

Sites with pH below 4.5 supported few earthworms. Above this, both high and low popu- 
lation densities were found at different sites over a wide range of pH values. Soils with 
different pH had different species assemblages. Species showed a decreasing tolerance to 
acid conditions at these colliery sites in the same sequence as that found by SATCHELL 
(1955). 

2.2.3. Moisture 

Sites were graded according to a three point scale based on measurements of soil water 
content, soil drainage, and the relationship of the site to the water table. High earthworm 
populations only occurred where dessication was not a serious problem (Fig. 1). Spoil heaps 
generally have low water availability in summer. Where the biomass of earthworms was 
high this was largely of deep burrowing species, particularly L. terrestris, which are able 
to avoid the desiccating effects of temporary drought: these species are generally limited 
to the older sites. One young birch site supported a high biomass of smaller species including 
L. rubellus. This site was close to the water table and to an adjacent woodland which may 
be a source of immigration. 
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Fig. 
2. Interrupted canopy. 3. No canopy. Erratum: The intermediate number above the abscissa should 
be 30 instead of 3. 


2.2.4. Shade 

Large populations of earthworms occurred in both shaded and open sites (Fig. 2). Shaded 
sites tended to have large numbers of smaller surface active species and these populations 
may develop rapidly; unshaded sites had low numbers of larger deep burrowing species and 
the population appeared to take a considerable time to reach its present size. 

Shade is important to earthworms mainly because it reduces the extremes of soil tem- 
perature. It may also favour surface-dwelling forms by intercepting light and giving some 
protection from desiccation and permitting more actvity near the surface. 
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Table 4. Factors significant in multiple regression using all colliery sites 


F R? 
Numbers temperature/shade 32.5 0.76 
age since disturbances 6.8 0.86 
Weight temperature/shade 9.1 0.47 
moisture content of soil 6.5 0.69 
age since disturbance 3.8 0.79 


2.3. All colliery sites 


Although the two types of site differ in origin and treatment they share the factor of comparati- 
vely recent disturbance; this and some other variables were used in multiple regression on numbers 
and biomass. 

Factors which are considered to affect earthworms include: 

1. Physiological factors — to which different earthworm species show different tolerance e.g. pH 
and temperature. 
2. Factors which affect the “life-style of the different speies e.g. depth and texture of the soil. 


3. Factors which affect the response of earthworms to disturbance including time since last distur- 
bance and the proximity of a source of immigration. 


In the regression, numbers were significantly related to shade and site age. Weight of worms was 
also related to shade, moisture and age of the site (Table 4). 


2.4, Comparison with hay meadow populations 


Species associations at the colliery sites were compared with nine plots at Cockle Park 
using correspondence analysis. The Cockle Park plots are experimental meadows treated 
with different mixtures of organic and inorganic fertilizers. The plots were sampled by a 
combination of hand sorting and formalin application from 10 randomly chosen 0.1 m~? 
cores. 

They fall into two groups (Fig. 3). The first containing all but one of the Cockle Park 
plots and including one colliery spoil plot which was 14 years old with grass/herb cover. The 
second group comprised the remaining colliery plots and one Cockle Park plot which contain- 
ed only three species. 

The order of the plots produced by correspondence analysis was compared with the 
measured environmental variables by rank correlation. Depth and quality of the soil was 
related to axis 1 and age of site to axis 2. The number of worms at colliery sites was lower 
than any of the three groups of Cockle Park plots (control, inorganic and organic) (Fig. 4), 
but the biomass at several older spoil heaps and numbers and biomass at one 14 year old 
site were close to those in the control. 


3. Discussion 
3.0. General 


All sites studied had been extensively disturbed by mining but the spoil heaps and open- 
cast sites were managed differently. The spoil heaps were graded then left to revegetate 
naturally and interest in the earthworm population concerns their effects on the establish- 
ment of a stable vegetation cover for amenity purposes. The opencast sites were restored 
primarily to make the land available for agriculture. 


3.1. Opencast 
The heaped soil can be considered as the oldest as it had suffered only one disturbance 
by scraping off and heaping. The surface mat of vegetation was incorporated so that food 
was plentiful. The soil was covered by couch grass / Agropyron repens (L.)] which kept the 
surface shaded and moist. Thus the process of heaping and storing may be less hazardous 
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(O) of earthworms m= related to age at all sites. A — mean values 
er sites; B — mean values for Cockle Park inorganic fertilizer sites; 


to earthworms than standard ploughing and reseeding. L. rubellus, A. chlorotica and L. 
castaneus survived well and the deep burrowing species, A. longa and L. terrestris, were 
present in numbers similar to those in reseeded pasture. 

Although L. rubellus was abundant in stored soil heaps it was absent from sites recently 
restored by spreading heaped soil. A. chlorotica was the most abundant at these restored 
sites and A. longa was the most abundant deep burrowing species. After almost complete 
destruction, populations of A. chlorotica may develop quickly followed by A. longa. A. chloro- 
tica is not an active coloniser but may have survived in low numbers as adults or cocoons. 

Populations at opencast sites were low compared with permanent pasture at Cockle 
Park. Species associations in heaped soil, reseeded soil and the eleven year old restored site 
were similar but differed from any at Cockle Park. 


3.2. Spoil heaps 


Development of a wide variety of vegetation types on these spoil heaps indicates that 
they are diverse even though the parent material was similar. The differences are reflected 
in the variety of species associations and no one species of earthworm seemed particularly 
suited to all the sites. One site with a favourable water regime on which close canopied 
woodland had developed after 14 years supported a large population of surface dwelling 
earthworms. L. rubellus was the dominant species and may have migrated repeatedly from 
neighbouring woodland as well as developing in situ. Sites which remained as open grass- 
land after 60 years contained a moderately high population of deep burrowing species, 
particularly of L. terrestris. The moisture regime appears to affect the type of vegetation 
which, by influencing temperature and shade, affects the earthworm population. L. terrestris 
requires more time to establish itself in spoil supporting grassland than in spoil which sup- 
ports woodland. 


3.3. Implications for management 


Where the management objective is to stabilise the site and improve its appearance as 
at many spoil heaps, it seems that the minimum of regrading is necessary, providing that 
contouring leaves hammocks and hollows where moisture can accumulate. This is beneficial 
to earthworms and encourages establishment of seedling trees which shade and stabilise 
the soil and promote development of dense earthworm populations. These take much longer 
to develop at sites without trees. 

Sites to be used for agriculture undergo a sequence of mechanical operations designed 
to improve the quality of the soil. This takes approximately five years from the replacement 
of topsoil to the time when the site is finally drained and reseeded with a permanent mixture. 
Until then, any earthworms present will be drastically disturbed by the improvement pro- 
cess. Our observations show that deep living species survive this best, possibly because a 
proportion of them are below the level of shallow ploughing, but also because they withstand 
the lack of a protective surface cover better than surface-dwelling species. The best procedure 
to promote earthworms at sites where extensive mechanical improvement is necessary 
would be to add farmyard manure at the last stage of restoration to encourage colonisation 
and provide food and cover. To accelerate this process further it would be necessary to 
introduce species such as A. chlorotica, L. rubellus, A. longa and L. terrestris which may 
become established in these disturbed sites after a relatively short period. An alternative 
method would be to reduce mechanical disturbance of the soil by replacing ploughing and 
reseeding for hay by direct drilling for a winter forage crop. 
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Synopsis: Original scientific paper 


Sranpey, V., G. B. Srrap & A, Dunyine, 1982. Lumbricid populations in open cast reclamation 
sites and colliery spoil heaps in County Durham, U. K. Pedobiologia 24, 57—64. 


The earthworm populations at a series of plots at an opencast site and at colliery spoil heaps in 
County Durham, England were examined. Numbers and biomass of worms were correlated with site 
variables including age of the site and compared with populations found at an experimental per- 
manent pasture in Northumberland. The effects of age since disturbance, pH, water status of the 
soil and shade on earthworm numbers, biomass and species composition are discussed. 

At opencast sites where the soil had been restored for agriculture. Earthworm populations were 
still low after 11 years. Earthworms survived well within the stored soil heaps but were eliminated 
by respreading. At the spoil heaps left to revegetate either a) large numbers of surface dwelling earth- 
worms such as L. rubellus developed rapidly where scrub woodland had colonised the site or b) in 
open grassy sites, large deep burrowing species as L. terrestris accumulated, but only after a con- 
siderable time. 

In the multiple regression analysis, the age of the site, shade and moisture were significantly 
correlated with either number or weight of worms. Correlation of plot ordination with site variables 
showed age of site and depth of soil were significantly correlated. 

The implications for the management of opencast and spoil heap sites are discussed. 


Key words: Oligochaeta, Lumbricidae, earthworm, population, biomass, colonization, open cast, 
colliery spoil heaps, reclamation, restoration. 
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